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Figure 1.1. Schematic diagram representing the overall research approach, detailed in the 

thesis. 
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Figure 2.1. The geometry of the π-π interactions between aromatic systems. a) Two angles and 

a distance are defined; where the angle θ is between the plane normal of one ring and the 

inter-centroid vector Rcen, and γ being the angle between the plane normal. b) A representative 

favorable parallel displaced interaction classified by - 20◦< θ< 50◦, γ<30◦. c) T-shaped edge-to-

face geometry classified by 60◦<θ and γ<90◦. Adapted from ref 1d) Structure of the 

diphenylalanine motif e) Structure of the Fmoc- protecting group f)Non-covalent interactions 

governing peptide self-assembly with their respective strengths. 
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Figure 2.2: Schematic representation of the self-assembly during amyloid formation.46 
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Table 2.1. Some of the important self-assembling sequences and their parent proteins 

responsible for various protein aggregation diseases. 
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Figure 2.3: Schematic representation of the self-assembly pathways under thermodynamic and 

kinetic control. a) The thermodynamic control results in structures (e.g., crystal, nanotube(NT), 

and nanowire(NW)) that corresponds to a free energy minimum; b)The intervention of kinetic 

control such as temperature, pH, and external field that directs the structures to a metastable 

state (e.g., gels or nanosphere (NS)). Under certain kinetic control, these structures may inter-

convert to the state of minimum free energy. Adapted from ref 58. 
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Figure 2.4.  External stimuli dictating the size, shape, and function of peptide nano-assemblies.  
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Table 2.2.: Effect of different external stimuli on peptide self-assembly. 
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Table 2.3.: Effect of external electric field of peptide self-assembly. 
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Table 2.4. List of theoretical reports on the effect of external electric field. 















𝑘 = 𝐴𝑒−𝐸𝑎/𝑅𝑇
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Figure 2.5. Comparison of the activation energies of a catalytic (Ea 1-3, olive) and non-catalytic 

(Ea, red) reactions. The energy vs reaction coordinate diagram showing a two-step enzyme-

catalyzed reaction, having two catalytic intermediates and three transition states. 

𝑇𝑂𝐹 =
𝑁𝐴𝑣

𝑆
.
𝑑𝑁𝑖

𝑑𝑡
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𝑇𝑂𝑁 = ∫ 𝑇𝑂𝐹(𝑡)𝑑𝑡
∞

0
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Figure2.6: Steps involved in a typical heterogeneous catalytic reaction. 1.Transportation of 

reactant (A) 2. Diffusion of the reactant (A) to the internal catalytic surface 3. Adsorption of 

reactant (A) on the catalytic surface 4. Surface reaction to produce (B) 5. Desorption of the 

product (B) from the catalytic surface 6. Diffusion of the product (B) to the pore mouth 7. 

Transfer of the product (B) to the bulk fluid. Steps 1,2,6, and 7 are the diffusion steps that 

determine the mass transfer, and step 3,4 and 5 are the adsorption and reaction steps in the 

reaction.217  
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Figure 2.7. Different strategies for engineering a catalytic system using molecular building 

blocks through supramolecular chemistry and self-organization.  
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Figure 2.8. Four general approaches to artificial metalloenzyme assembly. (a) Nucleophilic 

residue positioned within a cavity may interact with the transition metal ion (b) Metal 

substitution approach, where another metal substitutes the metalloenzyme’s native metal 

cofactor, thus conferring novel catalytic activity to the complex. (c) Supramolecular 

coordination through a high-affinity inhibitor embedded inside (d) Covalent immobilization 

due to reaction between the complementary functional groups present on the ligand and on 

the host peptide. Adapted from ref 243. 
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Figure 3.1: (a) The 3D structure of the lytic polysaccharide mono-oxygenase (PDB: 5FJQ) and 

active-site residues (cyan). (b) Ligplot showing the ligand interactions with the histidine 

residues in the LPMO active site (c) Chemical structure of the designed peptide mimicking the 

histidine brace. d) and e) Comparison between the structural parameters of the copper 

chelated modelled peptide and enzyme active site.  

 

Table 3.1: Comparison of the observed parameters of the modelled complex with those of the 

reported crystal structure of the LPMO active site. 

Parameters Geometry parameters of 

LPMO active site 

Geometry 

parameters of 

designed  complex 

Cu-His37ND1 2.06 Å 2.05 Å 

Cu-HIS136NE2 1.97 Å 2.01 Å 

Cu-HIS37N(amide) 1.97 Å 1.99 Å 

Twist angle between two imidazole rings 72.610 82.790 
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Figure 3.2: Analysis of the Cu/HPh complex formation: a) UV−vis b) circular dichroism c) Raman 

at different pH values. Experimental conditions: final concentrations of 5 mM HPh and 4.5 mM 

CuCl2 were titrated with 1 μL aliquots of 1 M HCl or NaOH solution, and the reaction was left to 

equilibrate for 10 min after each addition. 

⊥

    ⊥
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Figure 3.3: a) Frozen-solution EPR of Cu-HPh complex at pH 3 (blue) and pH 7(red) in 30% 

glycerol (v/v). b) Solution state 1H NMR of Cu-HPh complex at pH 3 and pH 7. c) Solid state 1H 

NMR of Cu-HPh complex at pH 3 and pH 7; * the peak at -5 ppm is due to the spectrometer 

artefact d) Solid state 1H NMR of Cu-HPh complex at pH 3 and pH 7. The peaks in the 13C 

spectra corresponds to the peptide backbone shown in Figure A.2.4 and Table A2.1, Appendix 

2. 

⊥ ⊥

⊥

TH-2603_146106032



43 
 TH-2603_146106032



44 
 

Figure 3.4: Morphology characterization of the complex. a) FESEM image showing flakes like 

morphology (inset) that are clustered to form a flower of around 214 nm in diameter (b) 

Negatively stained TEM image of  the ‘flower’ c) Corresponding SEM-EDS line map spectrum of 

the complex showing Carbon (magenta), nitrogen (purple), Oxygen (pink), Sulphur (blue), 

Phosphorus (cyan) and Copper (red).    

Scheme 3.1: Selective oxidation of benzyl alcohol to benzaldehyde in the presence of Cu-HPh 

complex at 40oC. 
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Figure 3.5: Conversion of benzyl alcohol into benzaldehyde in water: pH = 7 at 40 °C is the 

standard reaction conditions used except in the pH titration experiment. a) Conversion 

comparison between copper alone and the complex at 30% load as a function of time. 

b)Histogram comparing percentage conversion by nascent HPh (red), copper (black), and Cu-

HPh complex (olive) after 3h.  c) Conversion of benzyl alcohol into benzaldehyde at 40oC in 6 h 

under aerobic conditions. d) Histogram showing the catalytic efficiency of Cu-HPh complex at 

different pH (mean ±standard deviation, n = 3). 
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Figure 3.6: Catalytic efficiency of complex (a) copper (b)Cu and (c) HPh at different catalyst 

load, 10(black), 15(blue) and 30 (red) mol%. 
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Figure 3.7:FESEM characterization of the assemblies formed by Cu-His complex at different pH. 

Scale 10µm. 
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=
(𝐀𝐫𝐞𝐚 𝐮𝐧𝐝𝐞𝐫 𝐩𝐞𝐚𝐤 𝐀−𝐀𝐫𝐞𝐚 𝐮𝐧𝐝𝐞𝐫 𝐩𝐞𝐚𝐤 𝐁)

(𝐀𝐫𝐞𝐚 𝐮𝐧𝐝𝐞𝐫 𝐩𝐞𝐚𝐤 𝐀+𝐀𝐫𝐞𝐚 𝐮𝐧𝐝𝐞𝐫 𝐩𝐞𝐚𝐤 𝐁)
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Figure 4.1: Molecular structures of the designed tri-peptides with Phenylalanine (F) and 

Proline (P) residues. L- and D-amino acids are written as upper and lower case characters, 

respectively. 
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Figure 4.2. Vial inversion test confirming the hydrogel formation. A total of six peptides, FFP, 

PFF, ffp, pff, Fmoc-FFP, Fmoc-FFP, formed white, opaque self-supporting hydrogels in 

phosphate buffer following a temperature trigger. 
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Scheme 4.1. Direct aldol reaction between cyclohexanone and 4-nitro benzaldehyde in the 

presence of 30mol% PFF catalyst. 

 

 

4.
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Table 4.1:  Estimates of catalytic efficiency and stereo selectivity for the aldol reaction 

between cyclohexanone and 4-nitro benzaldehyde, using a hydrogel formed in the presence 

and absence of EF after 94h of incubation. 

Sl No. Catalyst 
Conversion %

a,b
 de%

c
 

0V 150V 300V 0V 150V 300V 

1 FFP 92 87 88 97 98 97 

2 PFF 94(48h) 93(48h) 93(48h) 53 66 89 

3 ffp >90 >90 >90 83 82 84 

4 pff >90 >90 >90 66 75 76 

5 Fmoc-FFP 72 74 74 74 81 79 

6 Fmoc-FPF 68 70 71 87 81 83 
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Figure 4.3. a) Schematic representation of the electric field set-up with adjustable field 

strengths from 0–375 Vcm–1 (b) Vial inversion test with 2% w/v PFF peptide, modulated by 150 

and 300Vcm-1 electric field (c) CD spectra of PFF peptide in 0 (red),150 (blue) and 300 Vcm-1 

(green) (d) FTIR spectra of the PFF peptide in three different field strengths; 0 Vcm-1 (red),150 

Vcm-1 (blue) and 300 Vcm-1 (green)  (e) Vial inversion test of EF modulated pff hydrogel, 

formed in 150 and 300 Vcm-1 (f) CD spectra of pff peptide 0 (red),150 (blue) and 300 Vcm-1 

(green) (g) FTIR spectra of pff peptide in 0 (red),150 (blue) and 300 Vcm-1 (green). Uppercase 

letters and lower case letters in amino acid sequence indicating L- and D-chiral amino acids 

respectively.   
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Figure 4.4. Characterization of the hydrogels.  (a) Vial inversion test of FFP hydrogel formed in 

the presence of 150 and 300Vcm-1 (b) Superimposition of the CD spectra of FFP in 0 (red), 

150(blue) and 300 Vcm-1 (green). (c) FTIR spectra of FFP peptide in 0 (red), 150(blue) and 300 

Vcm-1 (green). (d) Vial inversion test of ffp hydrogel formed in the presence of 150 and 300 

Vcm-1 (e) Superimposition of the CD spectra of ffp peptide in 0 (red), 150(blue) and 300Vcm-1 

(green). (f) FTIR spectra of ffp peptide in 0 (red),150(blue) and 300 Vcm-1 (green).(g) Vial 

inversion test of Fmoc-FFP hydrogel formed in the presence of 150 and 300 Vcm-1 (h) 

Superimposition of the CD spectra of Fmoc-FFP peptide in 0 (red),150(blue) and 300 Vcm-1 

(green). (i)FTIR spectra of Fmoc-FFP peptide in 0 (red), 150(blue) and 300 Vcm-1 (green). (j) Vial 

inversion test of Fmoc-FPF hydrogel formed in the presence of 150 and 300Vcm-1 (k) 

Superimposition of the CD spectra of Fmoc-FPF peptide in 0 (red), 150(blue) and 300Vcm-1 

(green). (l) FTIR spectra of Fmoc-FPF peptide in 0 (red), 150 (blue) and 300 Vcm-1 (green). 
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Figure 4.5.  Morphological and viscoelastic characterization of the peptide hydrogel. Figures (a-

f), showing FESEM images of PFF and pff hydrogels formed in 0, 150 and 300 Vcm-1. Figures (g-

l), showing amplitude sweep rheological measurements (storage modulus G′ and loss modulus 

G′′) of PFF and pff hydrogels performed at a gap of 0.5mm, in 0, 150 and 300 Vcm-1. The error 

bars represent the standard errors of three independent observations. 
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Figure 4.6. Morphological characterization of the gel forming peptide assemblies. FESEM 

images (a-c) of FFP hydrogel formed in 0, 150 and 300 Vcm-1. The ffp hydrogel formed in 0, 150 

and 300 Vcm-1 (d-f). Fmoc-FFP hydrogel formed in 0, 150 and 300 Vcm-1 (g-i) and Fmoc-FPF 

hydrogel formed in 0, 150 and 300 Vcm-1 after 12h of incubation under ambient conditions. 
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Figure 4.7. Amplitude sweep studies were carried out from 0.01 to 1000 % strain at a 

frequency of 10 rad s−1 at 25 °C. Storage G′(red) and loss G′′ (black) moduli of (a-c) FFP, (d-f) ffp 

(g-i)Fmoc-FFP and (j-l) Fmoc-FPF peptide hydrogels formed in the absence (0 Vcm-1) and 

presence (150 and 300 Vcm-1) of the external electric field. The error bars represent the 

standard errors of three independent observations. 
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Figure 4.8.: Doxorubicin release assay: Doxorubicin release kinetics from EF treated and 

untreated gels a) PFF b) FFP c) pff d) ffp e) Fmoc-FFP and f) Fmoc-FPF as determined by 

monitoring the absorbance at 490 nm. The error bars represent the standard deviation of 

three independent observations. 
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Figure 5.1. Experimental field setup of the magnetic field. The set-up can generate field up to 

1T. 
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Figure 5.2. Kinetic evaluation of aggregation reaction. Aggregation kinetics of Aβ16-22 (a) and 

Aβ1-42 (b) peptides is determined using ThT fluorescence assay as a function of time at 500µM 

and 100µM concentrations respectively. Both the peptides follow a sigmoidal curve during the 

time course of aggregation with a lag phase followed by a steep exponential phase and a 

plateau. The to is a point where the two lines 'a' and 'intersect. It marks the end of the lag 

phase and start of exponential phase in the sigmoidal curve. All samples contain 10µM ThT, 

50mM phosphate buffer, pH 7.4.  
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Figure 5.3. Electric and magnetic field induced effects on the aggregation of Aβ16-22. Static light 

scattering and ThT fluorescence measures the extent of aggregation with different field 

strengths (both AC and DC field) as a function of time. Different colour codes are used for 

different external field strengths at the 0th and 16th h of incubation. A significantly reduced 

intensity has been observed for samples exposed to DC (a) and AC (b) fields suggesting a 

retarding effect on amyloid formation. However, the retarding effect of the magnetic field 

exposed samples (c) was comparatively less. Error bars are the mean and standard deviation of 

three independent experiments and all aggregation experiments were performed in PBS buffer 

at pH 7.4.  
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Figure 5.4. Effect of EF on Aβ1-42 aggregation. a) Analysis of Aβ aggregation in the presence of 

different external fields (AC and DC) of varying strengths (150 and 300 Vcm-1) measured by ThT 

fluorescence at different time points. Different colors correspond to the peptide in different 

external field strengths at 0th and 24th h of incubation. b) Effect of EF on pre-formed 

aggregates was studied under identical conditions, at reduced time intervals, 0, 12, and 24 h.  

c) Effect of EF on Aβ1-42 aggregation in human cerebrospinal fluid (CSF). d) Effect of MF (0.8T) 

on Aβ1-42 aggregation. Means of three independent experiments are reported; error bars 

indicate standard deviation. 
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Figure 5.5. Estimation of monomer percentage at 280 nm (tyrosine estimation) by measuring 

the intensity of 100 μM Aβ1-42 peptide in solution. Absorbance at 280 nm is measured with 

strength of external electric field as the only variable at 0th and 24th h of incubation. The higher 

intensity of the 0th h sample (black) signifies large population of monomers. After 24 h, the 

supernatant obtained after ultracentrifugation of the control sample shows significant 

reduction in the monomer concentration, thus, suggesting formation of large aggregates with 

large molecular weight and sedimentation co-efficient corresponding to its size. Supernatant 

of both the field exposed samples, however, has noticeably higher absorbance than the 

control. This finding corroborates the retarding effect of the applied EF on the aggregation of 

Aβ 1-42, observed in ThT and scattering assays. 
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Figure 5.6. a) CD data describing secondary structure transitions of Aβ1-42 peptide from β to 

random conformations, in the presence of an external electric field, measured after 24 h of 

incubation. b) FT-IR, the amide I band (1600-1700 cm-1) is associated with the C=O stretching 

vibration, indicating a periodic shift towards non-β conformation upon field exposure. CD and 

IR data suggest EF induced conformational modulation of secondary structures c) Changes in 

the hydrodynamic radius of Aβ1-42 aggregates monitored by DLS. Samples containing 100 μM 

peptide was exposed to the external electric field of varying strengths, and the change in the 

size distribution of the aggregates formed was monitored over time at 0th (initial) and 24th h 

d) TEM of Aβ1-42 after 24 h of incubation in ambient conditions and in the presence of the 

external electric field. The control sample has fibrils as predominant form, whereas, samples 

exposed to 150 Vcm-1 has homogenous spherical oligomer clusters and 300 Vcm-1 poly-

disperse. Scale bars correspond to 200 nm. 

TH-2603_146106032



 

91 
 

Figure 5.7. FT-IR analysis of effect of MF on Aβ. The amide I band (1600-1700 cm-1) is 

associated with the C=O stretching vibration indicating a periodic shift towards non-β 

conformation upon field exposure. The peak at 1637cm-1 signifies the presence of a large 

population of β conformation structures. 
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Figure 5.8: Self and cross seeding of Aβ fibrillization. . Aggregation profiles of the MF treated 

Aβ samples in the presence of 1% pre-aggregated seeds, measured by ThT fluorescence. a)Pre-

aggregated Aβ1-42 seeds were added and ThT fluorescence were measured in untreated and 

samples pre-treated for 24h at 0.8T. b) The resulting aggregates (from experiment described in 

figure 5.10d, after 24 h) were allowed to mature in the presence of 0.8T for another 24 h and 

ThT fluorescence was measured at regular intervals. c)  Aggregation of 100 μM Aβ1-42 

monomers in the  presence of 1%  untreated and MF treated seeds to verify whether field 

treated samples can behave as seeds. Seeds from MF treated samples were added to Aβ1-42 

monomers and ThT fluorescence was measured. d) Changes in the hydrodynamic radius of Aβ1-

42 aggregates formed during secondary nucleation of the field treated samples monitored by 

DLS after 24 h of incubation without field. e) Changes in the hydrodynamic radius of Aβ1-42  

aggregates formed during secondary nucleation of the MF treated samples monitored by DLS. 
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Figure 5.9. Stability of the field exposed Aβ1-42 samples. Different color codes are used for 

different external field strengths at the 0th, 12th and 24th hour after removing from the field. At 

0th hour after removing the field, electric field exposed samples, in general, show reduced ThT 

fluorescence confirming its retarding effect on the aggregation process. Samples exposed to 

300 Vcm-1 show gradual increase in ThT fluorescence intensity and a 100% increase is observed 

after 24h when compared to 0th hour. Samples in 150 Vcm-1, however, has only a marginal 

increase in the ThT fluorescence intensity after 24h.  
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Figure 5.10. Self and cross-seeding of Aβ fibrillization. Aggregation profiles of the EF treated Aβ 

samples in the presence of 1% pre-aggregated seeds, measured by ThT fluorescence. Scheme 

showing experimental procedure: a) Pre-treatment of Aβ1-42 in absence (0 Vcm-1) and presence 

of EF (150 and 300Vcm-1) for 24h. b) Addition of 1% pre-aggregated Aβ1-42 seeds to the pre-

treated sample (100 µM). The mixture was incubated for 24 h in absence of EF and ThT was 

measured at regular interval. c) After 24 h, EF is switched on and the samples were incubated 

in field for 24 h. Aggregation was monitored by ThT fluorescence assay. d) Pre-aggregated Aβ1-

42 seeds were added, and ThT fluorescence was measured at different time points in all the 

three test cases. e) The resulting aggregates (from the experiment described in Figure 5.4b, 

after 24 h) were allowed to mature in the presence of 0, 150 and 300 Vcm-1 for another 24 h 

and ThT fluorescence was measured at regular intervals. f)  Aggregation of 100 μM Aβ1-42 

monomers in the presence of 1% EF untreated and EF treated seeds to verify whether field 

treated samples can behave as seeds. Seeds from EF treated samples were added to Aβ1-42 

monomers, and ThT fluorescence was measured. g) Changes in the hydrodynamic radius of 

Aβ1-42 aggregates formed during secondary nucleation of the field treated samples monitored 

by DLS after 24 h of incubation without a field. h) Cross-seeding of Aβ fibrillization: Overall 

fibrillization was found to be retarded by cross-seeding with Aβ1-40. However, fibrillization, in 

general, shows the same trend as observed in self-aggregation experiments. Means of three 

independent experiments are reported in d, e, f and h; error bars indicate standard deviation. 
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Figure 5.11. Assessment of EF treated Aβ 1-42 illicit cellular toxicity and its correlation with 

cellular uptake.   a) Differentiated cells were treated with 10 μM of both untreated (0Vcm-1) 

and external EF treated (150 and 300Vcm-1) Aβ1-42 peptide solution for 48h and the toxicity was 

estimated using the MTT assay.  b) Cytotoxicity assessment of the aggregates collected from 

the inhibited mixture after secondary nucleation.  Different color codes correspond to 

different cell lines. Histograms showing cell viability after peptide treatment (mean ± error, 

n=3). The t-test revealed the statistical significance between control (0V) and EF treated 

samples { * (p < 0.05), ** (p < 0.005)}  c) Uptake of EF treated FITC- Aβ1-42 (green) by SH-SY5Y, 

IMR32 and HEK293 cells after 24 h of incubation at 10 µM peptide concentration. All scale bars 

correspond to 20µm. 
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Figure 5.12. SDS-PAGE of BSA fragments after treatment with trypsin. L1 and L2 show SDS-

PAGE patterns of digestion of BSA by trypsin not exposed to the field (control). L3 and L4 show 

digestion by trypsin exposed to 150 Vcm-1 (DC) for 24h and L5 and L6 show band position of 

BSA fragments after treatment with trypsin exposed to 300 Vcm-1 (DC) for 24h. No noticeable 

difference in the band position of the BSA fragments among the three different experimental 

conditions is observed confirming the functional stability of trypsin in the presence of an 

external field.L7 and L8 show band position of standard trypsin and undigested BSA alone. 
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Figure A2.1: Characterization of the HPh peptide a) Reverse-phase HPLC spectrum b) HRMS 

spectrum showing the observed mass equal to the calculated mass (389.41Da). 

 

 

Figure A2.2: 13C NMR peak assignment of the nascent HPh peptide using general 

electronegativity trend of chemical shifts and ChemBioDraw predictions of 13C NMR spectrum. 
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Figure A2.3: ESI-MS spectrum of HPh-NH2-Cu Complex formed at pH 7. 

 

 

 

TH-2603_146106032



   

134 
 

 

Figure A2.3: HPLC chromatograms showing the oxidation of benzyl alcohol to benzaldehyde in 

presence of a) 10 mol% b) 15mol% and c) 30mol% Cu-HPh catalyst in 3h. Reactions were 

performed at 40 oC and aliquot of 20µL was collected at regular time interval. HPLC spectrum 

was recorded at 283nm. 

 

 

 

 

Figure A2.4: HPLC chromatograms showing the oxidation of benzyl alcohol to benzaldehyde in 

presence of a) 10 mol% b) 15mol% and c) 30mol% HPh peptide in 3h. Reactions were 

performed at 40oC and aliquot of 20µL was collected at regular time interval. HPLC spectrum 

was recorded at 283nm. 
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Figure A2.5: HPLC chromatograms showing the oxidation of benzyl alcohol to benzaldehyde in 

presence of a) 10 mol% b) 15mol% and c) 30mol% of Cu(II) in 3h. Reactions were performed at 

40 oC and aliquot of 20µL was collected at regular time interval. HPLC spectrum was recorded 

at 283nm. 
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Reverse phase HPLC chromatogram at 
254nm 

Observed Mass(MALDI-TOF) 
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Reverse phase HPLC chromatogram at 
254nm 

Observed Mass(MALDI-TOF)
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Reverse phase HPLC chromatogram at 
254nm 

Observed Mass(MALDI-TOF)
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Reverse phase HPLC chromatogram at 
254nm 

Observed Mass(MALDI-TOF)
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Figure A3.1: HPLC chromatogram of reaction products obtained from reaction between 

cyclohexanone and 4-nitrobenzyldehyde. Catalyst: FFP and PFF, Catalyst load: 30 mol%, 

reaction time: 94 h, 48h for PFF, reaction temperature: 27 °C. 

 

 

 

Figure A3.2: HPLC chromatogram of reaction products obtained from reaction between 

cyclohexanone and 4-nitrobenzyldehyde. Catalyst: ffp and pff, Catalyst load: 30 mol%, reaction 

time: 94 h, reaction temperature: 27 °C. 
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Figure A3.3: HPLC chromatogram of reaction products obtained from reaction between 

cyclohexanone and 4-nitrobenzyldehyde. Catalyst: FmocFFP and FmocFPF, Catalyst load: 30 

mol%, reaction time: 94 h, reaction temperature: 27 °C.  
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Figure A3.4: Typical chiral chromatogram for the aldol products catalyzed by FFP hydrogel 

formed in different EF strength. Labeled peaks correspond to sin aldol and anti-aldol. Integral 

ratio between the minor and the major diastereomers was used to determine the 

diastereomeric ratio. 
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Figure A3.5: Typical chiral chromatogram for the aldol products catalyzed by PFF hydrogel 

formed in different EF strength. Labeled peaks correspond to sin aldol and anti-aldol. Integral 

ratio between the minor and the major diastereomers was used to determine the 

diastereomeric ratio. 
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Figure A3.6: Typical chiral chromatogram for the aldol products catalyzed by ffp hydrogel 

formed in different EF strength. Labeled peaks correspond to sin aldol and anti-aldol. Integral 

ratio between the minor and the major diastereomers was used to determine the 

diastereomeric ratio. 

 

 

TH-2603_146106032



145 
 

 

 

 

Figure A3.7: Typical chiral chromatogram for the aldol products catalyzed by pff hydrogel 

formed in different EF strength. Labeled peaks correspond to sin aldol and anti-aldol. Integral 

ratio between the minor and the major diastereomers was used to determine the 

diastereomeric ratio. 
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Figure A3.8: Typical chiral chromatogram for the aldol products catalyzed by Fmoc-FFP 

hydrogel formed in different EF strength. Labeled peaks correspond to sin aldol and anti-aldol. 

Integral ratio between the minor and the major diastereomers was used to determine the 

diastereomeric ratio. 
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Figure A3.9: Typical chiral chromatogram for the aldol products catalyzed by Fmoc-FPF 

hydrogel formed in different EF strength. Labeled peaks correspond to sin aldol and anti-aldol. 

Integral ratio between the minor and the major diastereomers was used to determine the 

diastereomeric ratio. 
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Figure A3.10: Dipole moment of the designed peptides in water. To study the dipole moment 

of the peptides in water, Molecular Dynamics (MD) simulations were performed with a 

GROMOS96 force field (54a7 parameter set) using GROMACS 5.0.4 package. Changes were 

made in the residue topology of the simulation tool, to incorporate the structural parameters 

of the D-amino acids. Each peptide was placed in a dodecahedron box with a spacing of 1.0 Å 

from the box edge. The system was solvated using the flexible SPC/E water model. The 

solvated system was neutralised to zero. Energy minimisation was carried out using the 

steepest descent until a tolerance of 1000 KJ mol−1 nm−1 was reached. Periodic boundary 

conditions were deployed in all the systems.  The dipole moment of the peptides was 

calculated using gmx dipole for the energy minimised frame. < M_i >, i for X, Y and Z axis, is the 

net vector in each frame. Dipole moments were calculated as the square root of the sum of 

the squares of  <M_i>. 
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    a)            b) 

 

FigureA4.1: a) HPLC chromatogram of Ac-KLVFFAE b) MALDI-TOF spectrum of Ac-KLVFFAE 
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Figure A4.2: Confocal images showing internalization of EF treated and untreated FITC-Aβ1-42  

by SHSY5Y human neuroblastoma cells. 
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Figure A4.3: Confocal images showing internalization of EF treated and untreated FITC-Aβ1-42 

by IMR-32 human neuroblastoma cells. 
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Figure A4.4: Confocal images showing internalization of EF treated and untreated FITC-Aβ1-42 

by HEK293 cells. 
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